Cancer of the corpus uteri remains the most common gynecological related cancer in developed countries. Cytology, after the induction of liquid based cytology, has reemerged as a possible first line non-interventional diagnostic procedure with promising results. Apart from slide preparation for cytology diagnosis, LBC allows the application of elaborate molecular tests on the residual material. Samples from 74 symptomatic women were collected in ThinPrep ® PreservCyt medium, from witch immunocytochemical and molecular tests were performed. Final diagnosis of 39 endometrioid carcinomas, 20 non-endometrioid carcinomas and 15 non-malignant was set after hysterectomy. Topoisomerase IIa expression was common (42%) in both types of cancer. Promoter methylation analysis revealed that hMLH1 is commonly methylated in cancers (52.7%), CDKN2A and MGMT less often (27.1%) and RARB rarely methylated (8.4%). BRAF activating mutation V600E was a rare event (8.4%) only found in low grade endometrioid carcinomas. Topoisomerase IIa expression correlated with BRAF mutations, hMLH1 and to lesser extent with CDKN2A methylation. Almost none of the biomarkers were positive in cytological negative or hyperplastic without atypia samples. Detection of methylation in any gene displayed sensitivity, specificity, PPV and NPV similar to cytology of cancer. However, inclusion of cytology diagnosis of hyperlasias with atypia increased sensitivity and NPV of cytology outperforming methylation of any gene. Further evaluation of the panel of promoter methylation, especially in cytology diagnoses of hyperplasia with or without atypia should be evaluated since initial results are promising. Even though methylation of MGMT and RARB are rare events, some patients could be benefit from specific chemotherapeutics that target either of them or the more frequently expressed topoisomerase IIa.
Introduction
Cancer of the corpus uteri remains the most common gynecological related type of cancer in developed countries, while it is outnumbered only by cervix uteri cancer in developing countries due to lack of screening programs [1] . The increase in endometrial carcinomas observed in developed countries has been linked to increased life expectancy, obesity and tamoxifen use [2, 3] .
A dualistic model of endometrial cancer development has been proposed with two types of endometrial cancers with distinct histopathologic findings [4] , survival rates [5] and more recently molecular alterations that seem to be characteristic for each type [6, 7] and their precursors [8] [9] [10] . Type I, which accounts for 70% -80% of endometrial carcinomas, include grade I and II endometrioid adenocarcinomas, that are considered to be low grade, are usually hormone-dependent and more often in pre-or peri-menopausal women [11] . The less common type II, on the other hand, includes grade III endometrioid and all non-endometrioid carcinomas (clear cell, serous, mixedtype carcinomas and carcinosarcomas), are non-hormone dependent and usually found in post-menopausal women [11] . Apart from histopathologycal and epidemiological differences, type II carcinomas have substantially poorer survival [5] and adjuvant chemotherapy is common, after hysterectomy [12, 13] .
Most endometrial carcinomas are presented with abnormal uterine bleeding and less than 1% are asymptomatic [14] . Even though trans-vaginal ultrasound is the most tolerable for patients first line diagnostic test, it usually shows low positive predictive value [15] . Pippele biopsy poses an alternative test that is less tolerable and targets a specific area [15, 16] , while hysteroscopy and curettage is the least tolerable option that requires patient admition. Abnormal endometrial cells in Pap smears are a circumstantial finding, while blood and overlapping cells hamper safe cytology diagnosis [17] . Liquid based cytology and endometrial sampling brushing have resurfaced the use of cytology in identifying endometrial lesions [18] [19] [20] [21] [22] .
Our aim was to combine, via a single sampling method, cytologic and molecular testing results in order to further enhance diagnostic efficacy of liquid based cytology endometrial brushings. A panel of genes commonly methylated in cervical cancer was selected, including the tumor suppressors connected with either cell cycle regulation (CDKN2A, p16 INK4A ), or with epithelial differentiation (retinoic acid receptor RARB) and genes encoding DNA repair proteins as human MutL Homolog 1 (hMLH1) and O6-Methylguanine DNA methyl-transferase (MGMT) [23] [24] [25] [26] .
Materials and Methods

Sample Collection
A total of 74 direct endometrial cavity samplings were collected from women who were admitted to the hospitals 3 rd Department of Obstetrics and Gynecology and were scheduled to undergo diagnostic or therapeutic dilatation and curettage and/or hysterectomy. All women presented with abnormal bleeding with most having pathological thickening of the endometrium. The mean age of women was 63.1 years of age.
Samples for cytology were collected prior to any other intervention using a Y-shaped device designed for endometrial sampling (EndoGyn, Biogyn S.N.C., Mirandola, Italy). The thin two armed sheathed curette allowed collection of endometrial cells without any sample infection from cervical cells. Cells were rinsed into Cytolyt ® , Hologic, USA), that allows cell preservation, hemolysis and mucolysis. Cells were pelleted via centrifuging and transferred into the fixative (PreservCyt ® , Hologic, USA). A slide was prepared using the automated slide processor (ThinPrep ® TP2000, Hologic, USA) and stained according to Papanicolaou. Cytology diagnosis was given according to the 1994 World Health Organization (WHO) classification scheme 22 with minor modifications. Therefore, the classification used in the current study was atrophic endometrium, hyperplasia without atypia (simple or complex hyperplasia), hyperplasia with atypia and positive for malignancy.
Immunocytochemistry
Immunocytochemical staining of Topoisomerase IIα (1:80, clone 3 F6, Leica Biosystems Newcastle Ltd., UK) was performed on a fully automated slide system (BondMax TM , Leica Biosystems, UK), using a commercial kit (Bond TM Polymer Refine, Leica Biosystems, UK), that contains a secondary antibody linked to a HRP coupled polymer, DAB chromogen and heamatoxylin counterstain. Samples were considered positive if nuclear staining for Topoisomerase IIα was identified.
Methylation Specific PCR-MethyLight Analysis
Methylation specific PCR for hMLH1, CDKN2A and MGMT was performed as previously described using a commercial kit (Amplicolon, Bird Srl, Italy) [24] . Bisulfite converted DNA was amplified with primers specific for either the unmethylated or the methylated form in separate reactions. PCR products were analyzed on 2% agarose gels for presence of either form. If a PCR product was detected only in the unmethylated reaction, the sample was characterized as unmethylated, while presence of a PCR product in the methylated reaction characterized the sample as methylated, regardless of the result of the unmethylated reaction. Absence of a product from both reactions characterized the sample as invalid. Both unmethylated and methylated DNA controls were included in the kit. For RARB two sets of primers and Taqman probes were designed using Beacon Designer (PremierBiosoft, USA). Real-Time PCR amplification for RARB promoter methylation detection was performed using a FAM labeled probe for methylated and a JOE-labeled probe for unmethylated DNA in a single reaction on a Corbett Rotorgene 6000 (Corbett Life Sciences, Australia). Using serial dilutions of the controls, methylated RARB was identified at a limit of 1.625% in a background of unmethylated DNA.
BRAF Mutation Analysis
The activating mutation V600E of BRAF was detected using a molecular beacon set as previously described [27] . DNAs extracted from cell lines were used as controls for homozygous mutated (SKMEL28), heterozygous mutated (HT29) and homozygous wild type (SKMEL2). DNA extracts and cell lines were acquired from Cell Lines Service (CLS, Eppelheim, Germany). Detection was performed on an ABI 7500 Real-Time PCR (Applied Biosystems, USA).
Statistic Analysis
Statistical analysis of the results was performed using Fisher's exact test for 2 × 2 tables, χ 2 for tables with more than two parameters, Student's t-test using twotailed paired analysis for age differences and spearman's for bivariate correlation analysis.
Results
Histology Findings
Out of 74 cases only 12 were finally histological negative for malignancy while 3 had a hyperlastic polyp present as displayed in Table 1 . The remaining cases were diagnosed with some form of carcinoma. The most common type was endometrioid carcinoma, as expected, with the majority of them being of grade I or II. Fewer cases of high grade III endometrioid carcinomas were found, followed by mixed type carcinomas. Only few serous and clear cell carcinomas were found, while despite carcinosarcomas being rare, 4 cases were identified. The high percentage of carcinomas found is justified since all women who where included were symptomatic with a clinical diagnosis in favor of malignancy. As expected, type I cancers were more common in younger women with a mean age of 61 years of age vs. type II with 69 years of age (p = 0.016).
Cytology Findings
Cytology diagnosis was set on 73 cases with only 1 being inadequate (1.3%) ( Table 1) . Results were compared with final histology diagnosis set in samples either from dilation and curettage (D&C) or hysterectomy. Cytology was able to identify 49 of 59 carcinomas as carcinomas and 7 as hyperplasias with atypia. Only 3 carcinomas were misclassified; one serous as hyperplasia without atypia, one carcinosarcoma as negative and the single cytology inadequate sample was an endometrioid adenocarcinoma. All atypical or malignant cytology samples were also carcinomas in histology. Overall agreement was 95.9% with a kappa value of 0.883 when atypical or worse cytology was used.
Topoisomerase IIa Expression
Slides were examined by an experiences cytopathologist and were initially scored in three categories; negative, less than 10% of nuclei stained and over 10% of nuclei stained (Figure 1) . However, initial analysis of the results revealed that only one negative case was positive for topoisomerase, so the categories were condensed in either negative or positive. Topoisomerase positivity was significantly higher in carcinomas as diagnosed with cytology (p = 0.002) or histology (p = 0.007) and correlated with BRAF mutations or presence of methylation in either CDKN2A or hMLH1.
Promoter Methylation Status
All samples yielded adequate DNA for analysis as reflected from results for the methylation and mutation analysis ( Table 2) . Promoter methylation (Figure 2 ) of CDKN2A and MGMT was identified in 21.6% of the samples and was found in samples diagnosed as carcinomas by either cytology (p = 0.097) or histology (p = 0.031). CDKN2A promoter methylation correlated with topoisomerase IIa expression (p = 0.014, CC 0.384). The single inadequate for cytology sample that turned out to be an endometrioid carcinoma had methylation in the CDKN2A promoter.
Promoter methylation of hMLH1 was the most common finding with 41.9% of the samples having partial or full methylation of the gene's promoter. It was the only gene where methylation was statistically more common in women of higher age (p = 0.034), while methylation of hMLH1 was correlated with topoisomerase IIa expression (p = 0.022, CC 0.267). Same as CDKN2A, hMLH1 methylation was more common in cancers (p < 0.001).
Promoter methylation of RARB (Figure 3) was a rare event present only in 5 samples (6.8%). Even though methylation was more common in type II cancers, due to the limited number of positive results, no statistical significance was identified. When combining all the above, at least one gene was methylated in 48 samples, out of which all were histological confirmed cancers, raising 
BRAF Activating Mutation
In total, 5 samples carried the V600E activating mutation (Figure 4 ). All were endometrioid carcinomas; one was a grade I adenocarcinomas and four were grade II. This reflected a percentage of 18.6% of type I carcinomas bearing the mutation, as opposed to 0% of type II (p = 0.056), with mutation being present more often in low grade carcinomas (p = 0.016). One sample had a cytology result of "hyperplasia with atypia, while the rest were diagnosed as carcinomas. BRAF mutation correlated with high topoisomerase IIa expression (p < 0.001, CC = 0.392) and presence of hMLH1 methylation (p = 0.026, CC = 0.259). Even though mutations were found in younger women with a mean age of 57 years, due to the limited number of samples with mutation no statistic significance could be recognized.
Discussion
Even though cancer of the corpus uteri remains the most common gynecological related type of cancer in developed countries organised screening policies have not been set. There are several reasons for that. Firstly, endometrial carcinomas are presented with abnormal uterine bleeding and less than 1% are asymptomatic [14] . As a result, screening, especially in pre-menopausal women is not considered cost-effective [28] . On the other hand, in post-menaupasal women with abnormal thickening of the endometrium up to 42% of cancer cases were asymptomatic [22] . Furthermore, trans-vaginal ultrasound, which is the most common first line diagnostic test, has displayed low positive predictive value [15] , especially in women that are under hormonal therapy. Finally, pippele biopsies only sample a limited region of the uteri [15, 16] and D&C requires patient admition and local anesthesia.
Cytology for the detection of endometrial malignancy has re-emerged, since more elaborate methods for sampling and storage of cells have been introduced. As a result, in many studies cytology has fewer inadequate samples than biopsies, while it remains less intervenetional and more tolerable [19, 29, 30] . In the limited number of the samples we examined a single sample which was inadequate, while all women found the sampling method very tolerable. Introduction of liquid based cytology has limited the factors reported to hamper safe cytology diagnosis [17] , while many report extremely high diagnostic efficacy of liquid based cytology using current sampling and preparation methods [21, 22] . In our samples, the only missed carcinomas were one that was inadequately sampled, a serous carcinoma and a single carcinosarcoma that are extremely rarely found. As a result high sensitivity, specificity and PPV were identified (Ta-ble 3). Even though the same diagnostic criteria of conventional cytology can be applied to liquid based cytology [20] , hyperplasia with atypia was found to be the most controversial category among observers [31] , while it has been propose that different commercial liquid based preparation methods may result in morphological alterations [32] .
As a result we evaluated immunocytochemistry and molecular testing to identify whether they could be of ancillary use for or an alternate to cytology. Immunocytochemistry for hormone receptors and p53 expression in LBC has been previously used to profile tumors prior to hysterectomy [18] , while mutation analysis in LBC has displayed similar results with FFPE tissue [33] . We found that adequate cells were available both for immunocytochemistry for topoisomerase IIa and for DNA extraction for mutation testing and methylation analysis in all samples.
In previous reports, increased expression of proliferation markers with concurrent deregulation of tumor suppressor genes has been found [34] and has been correlated with high grade aggressive carcinomas. However Methylation has been proposed as a screening or ancillary test for the detection of cancer in cervical samples, however with low sensitivity and or specificity [24, 35] . Usually a combination of genes is used to further enhance test's results. We applied the same strategy, using a panel of four genes including tumor suppressors connected with either cell cycle regulation (CDKN2A, p16INK4A), or with epithelial differentiation (retinoic acid receptor RARB) and genes encoding DNA repair proteins as human MutL Homolog 1 (hMLH1) and O6-Methylguanine DNA methyl-transferase (MGMT) was selected [23] [24] [25] [26] . As previously found, hMLH1 methylation was the most common epigenetic effect identified. Loss of hMLH1 expression has been correlated with microsatellite instability (MSI) [36, 37] , and with higher grade and stage, when present along with specific mutations of PI3K or BRAF [38] . Even though we found that 80% of mutated BRAF had hMLH1 promoter methylation, the small number of BRAF mutated cases did not allow a statistical significance to be identified. Promoter methylation of either MGMT or CDKN2A was less often while they displayed a random profile with a small increase in type II carcinomas, as previously found in a limited number of endometrial carcinomas [36] . Others have reported significantly lower methylation of these genes using FFPE tissue stored for 10 years [39] or the COBRA technique [40] . RARb methylation was the rarest event observed only in 5 samples, out of which 80% were type II carcinomas. Usually methylation was exclusive for each gene with 66.7% of methylated samples having a single methylated gene, 25% two genes and 5.3% three genes. Including in the analysis all methylation events, all diagnostic efficacy statistics increased, though sensitivity and negative predictive value remained lower than cytology ( Table 3) .
Out of all three cancer cases negative for cytology only one had methylation in CDKN2A, while all the rest were negative for the biomarkers tested. As a result these tests did not offer substantial improvement. However, it would be interesting to study their positivity in larger scale studies that would include more cases of hyperplasia with and without atypia, since these represent the most controversial cytology categories.
Since LBC has been shown in several studies that it is a viable option for endometrial carcinoma detection [19] [20] [21] [22] 41 ] our findings were not surprising. However most studies published have a limited number of samples, while the one with over 900 cases has many inadequate biopsies [19] . Still the diagnostic efficacy of LBC we found was similar to previously published studies. The variance observed, especially in sensitivity, could be accounted to the significant number of type II carcinomas that were included in our study. The main goal of our study was analysis of complex molecular markers as ancillary to cytology. The excellent specificity of the limited number of markers we tested, even though it could not outperform cytology, suggests that in cases where cytology is equivocal molecular markers could be used, as others have proposed [33] .
Distinct molecular profiles have been used to identify origin, grade and type of endometrial carcinomas [6] , while distinct molecular events have been proposed for early detection while they are still in precursor forms [9, 10] . Apart from BRAF mutations that were exclusive in low grade endometrioid adenocarcinomas, none of the other biomarkers was specific with a statistical manner, partially due to the limited number of each of the subcategories of carcinomas we had available.
Novel targeted agents, either alone or in combination with cytotoxic agents and radiotherapy, may enhance treatment results or further widen treatment options of patients with endometrial carcinomas [12, 13, 42] . Our results indicate that apart from currently used regiments topoisomerase poisons [43] , benefiting from topoisomerase IIa expression, alkylating agents, benefiting from MGMT methylation [36] and even retinoic acid [44, 45] could be of potential use in a limited group of endometrial carcinomas.
